To use de-identified data, permission must be obtained from the Bavarian institute for quality assurance ('BAQ', Prof. Dr. Hermanek, <mail@baq-bayern.de>). The data is expressly gathered for purposes of quality improvement of obstetrics and neonatology care. The BAQ steering committee must assert that any request for third party usage of the data is in line with the general BAQ objectives. The BAQ is bound by corresponding contracts with its participating hospitals to guarantee adherence to this protocol. The analysis code including all relevant dataset and variable names is available at <https://osf.io/mc3te/>.

Background {#sec005}
==========

A large body of the literature has shown that individual socioeconomic status (SES) is associated with various health outcomes \[[@pone.0236020.ref001]\], and there is evidence that low maternal SES is a potential risk factor for adverse perinatal outcomes \[[@pone.0236020.ref002]--[@pone.0236020.ref004]\]. However, a number of studies indicated that also area-level deprivation is associated with adverse obstetric and perinatal outcomes \[[@pone.0236020.ref005]\], e. g. gestational diabetes, Caesarian section (CS), preterm delivery, stillbirths or small for gestational age births \[[@pone.0236020.ref006]--[@pone.0236020.ref011]\]. All these outcomes contain major risks for mother and child. CS, for example, is a surgical intervention, but contains major corresponding risks for the mother (e.g. bleeding). Nevertheless, CS rates have increased worldwide in the last two decades \[[@pone.0236020.ref007]\]. Preterm births, accounting for approximately 10% of all deliveries worldwide, seem to increase in most countries, and prematurity, being the leading cause of neonatal mortality, has now also become the leading cause of childhood mortality up to age five years \[[@pone.0236020.ref012]\]. The worldwide number of annual stillbirths has decreased considerably since 1990, but with about two million in 2015 it is still high \[[@pone.0236020.ref013], [@pone.0236020.ref014]\].

Area-level deprivation research may consider the proportion of deprived people in an area ('compositional meaning'), the presence of possible area effects beyond the local concentration of deprived people ('collective meaning'), and the lack of infrastructural facilities or other area features ('environmental meaning') \[[@pone.0236020.ref015]\]. Area-level deprivation is often measured with standardised composite deprivation indices describing a structural lack of material and social resources in an area, considering e. g. income and occupation but also municipal/district revenues and environmental indicators. Therefore, these indices are valuable instruments for the analysis of area effects on health beyond the individual level, even when they might be used as a surrogate when individual socioeconomic data are not available \[[@pone.0236020.ref016]\].

The objective of our study was to assess the association between area-level deprivation, using an established regional area deprivation index, the Bavarian Index of Multiple Deprivation (BIMD) \[[@pone.0236020.ref017]\], and adverse obstetric and perinatal outcomes. Based on an established British method \[[@pone.0236020.ref015]\], the BIMD is a multidimensional construct combining standardised and transformed indicators in specific deprivation domains which are weighted and combined in an overall deprivation index. The BIMD was originally developed as a model for the development of the German Index of Multiple Deprivation (GIMD), being today part of a number of Indices of Multiple Deprivation (IMD) for Germany and some of its federal states. More on the methodology of the German IMD, the area-level distribution of deprivation in Germany and its association with health can be found elsewhere \[[@pone.0236020.ref017]--[@pone.0236020.ref020]\].

For our study, we analyzed a large population-based dataset, covering more than 800,000 births in Bavaria, Germany, from 2009 to 2016, and including a number of different and well-reported pregnancy outcomes as well as the residential address of the mother.

Materials and methods {#sec006}
=====================

We used data which are regularly collected by the 'Bayerische Arbeitsgemeinschaft für Qualitätssicherung' (BAQ; German Bavarian Quality Assurance Institute for Medical Care) for national benchmarking of obstetric units in terms of clinical performance. As previously described \[[@pone.0236020.ref021], [@pone.0236020.ref022]\], these data contain anonymized information on perinatal outcomes such as perinatal mortality or sectio as well as on maternal characteristics such as age, weight, height, diabetes status and the postal code of the mother's residential address.

As in a previous publication based on the BAQ data \[[@pone.0236020.ref006]\], we assigned the BIMD to the residential postal code of each mother. Based on data from official statistics, the BIMD includes seven domains of deprivation (income (weight on total BIMD: 25%), employment (25%), education (15%), municipal/district revenue (15%), social capital (10%), environment (5%), security (5%)) \[[@pone.0236020.ref017]\] for all 96 Bavarian districts ('Kreise', 71 rural and 25 urban districts with a minimum of 40.7 thousand, a maximum of 1.46 million and a median size of 115.6 thousand inhabitants as per 31 December 2016; <https://www.regionalstatistik.de/genesis/online/>). The seven domains are combined in a composite index, the BIMD. We categorized the districts by BIMD quintiles, with the first quintile (Q1) designating the least deprived and the fifth quintile (Q5) the most deprived areas.

We used the data of all n = 827,105 deliveries recorded in the BAQ database from 2009 to 2016 to which the BIMD on district level could be assigned. Stillbirths were only recorded in the BAQ database if they had a minimum birth weight of 500 g. We used logistic regression to calculate odds ratios (ORs) with 95% confidence intervals (CIs) for preterm deliveries (\<37 gestational weeks), CS, stillbirths, small for gestational age (SGA) births (defined as the lower 10% of German birthweight percentiles specific for sex and gestational age \[[@pone.0236020.ref023]\]) and low 5-minute Apgar scores (\<7) as a measure of the new-born's condition \[[@pone.0236020.ref024]\] by quintiles of the composite BIMD (reference: Q1, least deprived areas). Additionally, we assessed odds ratios by a linear increase in BIMD ('overall trend'), both for the composite index and for all domains. The models were calculated both unadjusted and adjusted for offspring's sex, multiple delivery, maternal age \> 35 years, diabetes during pregnancy, maternal overweight (body mass index \>25 kg/m^2^) in early pregnancy, excessive gestational weight gain (according to Institute of Medicine criteria \[[@pone.0236020.ref025]\]), migration background, single mother status, parity, maternal smoking during pregnancy, substandard use of antenatal care (i.e. less than one antenatal visit per four weeks of gestation \[[@pone.0236020.ref026]\]), living in a city (\>100,000 inhabitants), and year of birth. As birth mode is known to be associated with Apgar score \[[@pone.0236020.ref027]\], we additionally adjusted the Apgar score analyses for birth mode (vaginal birth, CS or vaginal surgery) in a sensitivity analysis. Finally, we investigated associations of BIMD with primary and secondary CS, respectively.

Statistical analyses were performed with SAS 9.4 (SAS Institute Inc., Cary, NC, USA). The analysis code is available at <https://osf.io/mc3te/>. A significance level of 5% was used throughout the study without adjustment for multiple testing. Maps were drawn using the open source Geographic Information System QGIS 2.18 (<https://www.qgis.org/en/site/>).

Ethics approval or informed consent of patients were not necessary because this was a secondary analysis of anonymous routine data \[[@pone.0236020.ref028]\].

Results {#sec007}
=======

Descriptive statistics of the BIMD (composite index) and all potential confounding factors are presented in [Table 1](#pone.0236020.t001){ref-type="table"}, prevalences of the outcome variables by BIMD quintiles in [Table 2](#pone.0236020.t002){ref-type="table"}. Missing covariate data occurred for n = 28,419 observations (13.9%) in Q1, n = 45,553 (17.7%) in Q2, n = 23,108 (19.4%) in Q3, n = 24,634 (21.2%) in Q4 and n = 26,301 (20.2%) in Q5, respectively. In pregnancies with missing covariate data, slightly higher prevalences were observed for all outcomes (preterm delivery: 9.1%, stillbirth: 0.4%, CS: 35.9%, SGA: 9.6%, low Apgar score: 1.3%).

10.1371/journal.pone.0236020.t001

###### Descriptive statistics of all n = 827,105 births between 2009 and 2016 in Bavaria, Germany, with available information on Bavarian Index of Multiple Deprivation (BIMD) at district level.

Percentages refer to the total number of non-missing values for each variable.

![](pone.0236020.t001){#pone.0236020.t001g}

                                                                                    n (%)
  --------------------------------------------------------------------------------- ---------------------
  Male[\*](#t001fn001){ref-type="table-fn"}                                         n = 423,952 (51.3%)
  Twin or higher                                                                    n = 30,573 (3.7%)
  Maternal age \> 35 years[\*\*](#t001fn002){ref-type="table-fn"}                   n = 222,748 (26.9%)
  Gestational diabetes mellitus                                                     n = 32,596 (3.9%)
  Pre-gestational diabetes mellitus                                                 n = 6,160 (0.7%)
  Maternal overweight in early pregnancy[\*\*\*](#t001fn003){ref-type="table-fn"}   n = 240,977 (33.0%)
  Excessive gestational weight gain[\*\*\*](#t001fn003){ref-type="table-fn"}        n = 301,859 (41.4%)
  Migration background                                                              n = 161,552 (19.5%)
  Single mother[\*\*\*\*](#t001fn004){ref-type="table-fn"}                          n = 65,687 (9.1%)
  Multiparous woman                                                                 n = 407,682 (49.3%)
  Smoking during pregnancy                                                          n = 41,294 (5.0%)
  Substandard use of antenatal care                                                 n = 212,801 (25.7%)
  Living in a city (\>100,000 inhabitants)                                          n = 224,779 (27.2%)
  BIMD quintile 1 (least deprived)                                                  n = 204,816 (24.8%)
  BIMD quintile 2                                                                   n = 260,109 (31.5%)
  BIMD quintile 3                                                                   n = 115,862 (14.0%)
  BIMD quintile 4                                                                   n = 116,307 (14.1%)
  BIMD quintile 5 (most deprived)                                                   n = 130,011 (15.7%)

\* 43 missing values.

\*\* 3 missing values.

\*\*\* 97,632 missing values.

\*\*\*\* 101,110 missing values.

10.1371/journal.pone.0236020.t002

###### Prevalences of preterm delivery, stillbirth, Cesarean Sections (CS), Small for Gestational Age (SGA) births, and low Apgar score in n = 827,105 births between 2009 and 2016 in Bavaria, Germany, by Bavarian Index of Multiple Deprivation (BIMD) at district level.

![](pone.0236020.t002){#pone.0236020.t002g}

                                     Preterm delivery    Stillbirth         CS                    SGA                  Low Apgar
  ---------------------------------- ------------------- ------------------ --------------------- -------------------- -------------------
  Total                              n = 71,772 (8.7%)   n = 2,473 (0.3%)   n = 279,956 (33.9%)   n = 77,020 (9.3%)    n = 10,007 (1.2%)
  BIMD quintile 1 (least deprived)   n = 18,014 (8.8%)   n = 636 (0.3%)     n = 71,821 (35.1%)    n = 18,214 (8.9%)    n = 2,388 (1.2%)
  BIMD quintile 2                    n = 21,597 (8.4%)   n = 797 (0.3%)     n = 86,793 (31.0%)    n = 23,570 (9.2%)    n = 3,438 (1.3%)
  BIMD quintile 3                    n = 10,207 (8.6%)   n = 320 (0.3%)     n = 41,606 (35.0%)    n = 10,908 (9.2%)    n = 1,462 (1.2%)
  BIMD quintile 4                    n = 10,462 (9.0%)   n = 315 (0.3%)     n = 38,583 (33.2%)    n = 11,074 (9.5%)    n = 1,316 (1.1%)
  BIMD quintile 5 (most deprived)    n = 11,492 (8.8%)   n = 405 (0.3%)     n = 41,153 (31.7%)    n = 13,254 (10.2%)   n = 1,403 (1.1%)

Slightly more than 50% of the mothers lived in a district from one of the two least deprived BIMD quintiles (Q1 and Q2), which were more concentrated in the South of Bavaria, while the more deprived areas were located in the Northeast ([Fig 1](#pone.0236020.g001){ref-type="fig"}).

![Maps of Bavaria at district-level of the Bavarian Index of Multiple Deprivation and the percentages of preterm deliveries, stillbirths, Caesarean sections, SGA births and low 5-minute Apgar score in 2009--2016 (cities with \>100,000 inhabitants are labelled with their names).](pone.0236020.g001){#pone.0236020.g001}

In adjusted logistic regression analyses, there was a significantly increased risk for preterm deliveries in mothers from the most deprived compared to the least deprived districts (e.g. OR \[95% CI\] for Q5 compared to Q1: 1.06 \[1.03, 1.09\], [Table 3](#pone.0236020.t003){ref-type="table"}), while increased deprivation was associated with lower stillbirth rates (OR \[95% CI\] per quintile: 0.95 \[0.92, 0.98\]). A higher BIMD was also associated with lower rates of CS (OR \[95% CI\] for Q5 compared to Q1: 0.92 \[0.90, 0.93\], [Table 4](#pone.0236020.t004){ref-type="table"}) and low Apgar scores (OR \[95% CI\] for Q5 compared to Q1: 0.86 \[0.80, 0.94\]), but with higher rates of SGA births (OR \[95% CI\] for Q5 compared to Q1: 1.13 \[1.10, 1.16\]) in adjusted analyses, respectively. Environment and security deprivation had little or no significant associations with any of the five outcomes, while income, employment, educational, municipal/district revenue, and social capital deprivation were significantly associated with at least four of the five outcomes, respectively ([Table 5](#pone.0236020.t005){ref-type="table"}). This pattern indicates that there was no single domain of the BIMD which was mainly responsible for the observed associations.

10.1371/journal.pone.0236020.t003

###### Odds ratios \[95% confidence intervals\] for preterm delivery (n = 71,772 (8.7%) observations) and stillbirth (n = 2,473 (0.3%) observations) by Bavarian Index of Multiple Deprivation (BIMD) quintiles, unadjusted and adjusted for offspring's sex, multiple delivery, maternal age \> 35 years, diabetes during pregnancy, maternal overweight, excessive gestational weight gain, migration background, single mother status, parity, maternal smoking during pregnancy, substandard use of antenatal care, living in a city (\>100,000 inhabitants) and year of birth.

![](pone.0236020.t003){#pone.0236020.t003g}

  BIMD                                           Preterm delivery, crude    Preterm delivery, adjusted   Stillbirth, crude          Stillbirth, adjusted
  ---------------------------------------------- -------------------------- ---------------------------- -------------------------- -------------------------
  Quintile 1 (least deprived)                    Reference                  Reference                    Reference                  Reference
  Quintile 2                                     **0.95 \[0.93, 0.97\]**    1.02 \[0.99, 1.05\]          1.00 \[0.91, 1.11\]        0.91 \[0.80, 1.04\]
  Quintile 3                                     **0.97 \[0.95, 0.995\]**   1.02 \[0.99, 1.05\]          **0.85 \[0.74, 0.98\]**    **0.78 \[0.67, 0.91\]**
  Quintile 4                                     1.03 \[0.999, 1.05\]       **1.04 \[1.01, 1.08\]**      **0.87 \[0.76, 0.998\]**   **0.79 \[0.67, 0.92\]**
  Quintile 5                                     1.01 \[0.98, 1.03\]        **1.06 \[1.03, 1.09\]**      1.00 \[0.89, 1.14\]        0.86 \[0.74, 1.01\]
  Overall trend (linear increase per quintile)   **1.01 \[1.002, 1.01\]**   **1.01 \[1.01, 1.02\]**      0.98 \[0.96, 1.01\]        **0.95 \[0.92, 0.98\]**

Significant associations (p\<0.05) are shown in boldface.

10.1371/journal.pone.0236020.t004

###### Odds ratios \[95% confidence intervals\] for Caesarean section (CS; n = 279,956 (33.9%) observations), Small for Gestational Age (SGA) births (n = 77,020 (9.3%) observations) and low Apgar score (n = 10,007 (1.2%) observations) by Bavarian Index of Multiple Deprivation (BIMD) quintiles, unadjusted and adjusted for offspring's sex, multiple delivery, maternal age \> 35 years, diabetes during pregnancy, maternal overweight, excessive gestational weight gain, migration background, single mother status, parity, maternal smoking during pregnancy, substandard use of antenatal care, living in a city (\>100,000 inhabitants) and year of birth.

![](pone.0236020.t004){#pone.0236020.t004g}

  BIMD                                           CS, crude                 CS, adjusted              SGA, crude                SGA, adjusted             Low Apgar, crude          Low Apgar, adjusted
  ---------------------------------------------- ------------------------- ------------------------- ------------------------- ------------------------- ------------------------- -------------------------
  Quintile 1 (least deprived)                    Reference                 Reference                 Reference                 Reference                 Reference                 Reference
  Quintile 2                                     **0.94 \[0.93, 0.95\]**   **0.97 \[0.95, 0.98\]**   **1.03 \[1.01, 1.06\]**   1.02 \[0.995, 1.05\]      **1.15 \[1.09, 1.21\]**   **1.08 \[1.02, 1.16\]**
  Quintile 3                                     1.00 \[0.99, 1.02\]       **1.05 \[1.03, 1.07\]**   **1.04 \[1.01, 1.06\]**   **1.04 \[1.01, 1.06\]**   1.06 \[0.99, 1.13\]       1.03 \[0.95, 1.11\]
  Quintile 4                                     **0.92 \[0.91, 0.93\]**   **0.90 \[0.88, 0.91\]**   **1.08 \[1.05, 1.11\]**   **1.05 \[1.02, 1.08\]**   0.97 \[0.91, 1.04\]       0.93 \[0.86, 1.01\]
  Quintile 5                                     **0.86 \[0.85, 0.87\]**   **0.92 \[0.90, 0.93\]**   **1.16 \[1.14, 1.19\]**   **1.13 \[1.10, 1.16\]**   **0.93 \[0.87, 0.99\]**   **0.86 \[0.80, 0.94\]**
  Overall trend (linear increase per quintile)   **0.97 \[0.97, 0.97\]**   **0.98 \[0.98, 0.98\]**   **1.03 \[1.03, 1.04\]**   **1.03 \[1.02, 1.03\]**   **0.97 \[0.96, 0.98\]**   **0.96 \[0.94, 0.97\]**

Significant associations (p\<0.05) are shown in boldface.

10.1371/journal.pone.0236020.t005

###### Odds ratios \[95% confidence intervals\] of adverse pregnancy outcomes (CS: Caesarean section; SGA: small for gestational age) per 1 SD increase of Bavarian Index of Multiple Deprivation (BIMD) domains, adjusted for offspring's sex, multiple delivery, maternal age \> 35 years, diabetes during pregnancy, maternal overweight, excessive gestational weight gain, migration background, single mother status, parity, maternal smoking during pregnancy, substandard use of antenatal care, living in a city (\>100,000 inhabitants) and year of birth.

![](pone.0236020.t005){#pone.0236020.t005g}

  BIMD domain                              Preterm delivery           Stillbirth                CS                         SGA                       Low Apgar
  ---------------------------------------- -------------------------- ------------------------- -------------------------- ------------------------- -------------------------
  Income deprivation                       **1.01 \[1.003, 1.02\]**   **0.91 \[0.87, 0.96\]**   **0.99 \[0.99, 0.998\]**   **1.04 \[1.03, 1.04\]**   **0.93 \[0.91, 0.95\]**
  Employment deprivation                   **1.03 \[1.02, 1.04\]**    0.97 \[0.92, 1.02\]       **0.97 \[0.96, 0.97\]**    **1.04 \[1.03, 1.04\]**   **0.93 \[0.90, 0.95\]**
  Educational deprivation                  **1.02 \[1.01, 1.03\]**    0.96 \[0.91, 1.002\]      **1.01 \[1.01, 1.02\]**    **1.03 \[1.03, 1.04\]**   **0.94 \[0.92, 0.96\]**
  Municipal/district revenue deprivation   **1.01 \[1.003, 1.02\]**   0.97 \[0.92, 1.01\]       **0.98 \[0.97, 0.98\]**    **1.03 \[1.02, 1.04\]**   **0.96 \[0.94, 0.98\]**
  Social capital deprivation               1.01 \[0.999, 1.02\]       **0.93 \[0.89, 0.98\]**   **1.01 \[1.01, 1.02\]**    **1.02 \[1.01, 1.03\]**   **0.96 \[0.94, 0.98\]**
  Environment deprivation                  1.02 \[0.993, 1.03\]       0.99 \[0.90, 1.08\]       **0.89 \[0.88, 0.90\]**    1.00 \[0.98, 1.02\]       0.98 \[0.93, 1.03\]
  Security deprivation                     0.99 \[0.98, 1.003\]       1.00 \[0.95, 1.05\]       1.00 \[0.99, 1.003\]       1.00 \[0.99, 1.01\]       1.01 \[0.98, 1.03\]

Significant associations (p\<0.05) are shown in boldface.

The associations between BIMD and Apgar score remained virtually unchanged when additionally adjusted for birth mode (e.g. OR \[95% CI\] for Q2 compared to Q1: 1.09 \[1.02, 1.16\], and for Q5 compared to Q1: 0.87 \[0.80, 0.94\]). We identified one large clinic (\>20,000 births in 2009--2016) which had a considerably increased stillbirth rate (\> 0.8%) compared to the overall prevalence of stillbirths of (0.3%) in the whole dataset, potentially indicating that this clinic might specialize in terminations of pregnancy. When this clinic was excluded in a posthoc analysis, the ORs of stillbirths by BIMD moved closer to 1 and significant linear trends were no longer observed across BIMD quintiles ([S1 Table](#pone.0236020.s001){ref-type="supplementary-material"}). The ORs for a primary CS increased with higher BIMD, while the ORs for a secondary CS decreased ([S2 Table](#pone.0236020.s002){ref-type="supplementary-material"}).

Discussion {#sec008}
==========

In our study, area-level deprivation was significantly associated with perinatal outcomes, but not always in the expected direction: While the ORs of preterm deliveries, SGA births and primary CS were increased in highly deprived regions, similar to previous studies from the United States \[[@pone.0236020.ref009]\] and Sweden \[[@pone.0236020.ref011]\], decreased risks of all other outcomes (stillbirths, secondary CS and low Apgar scores) were observed in highly deprived areas.

This could make sense with respect to CS rates, which are known to be higher in mothers with high SES \[[@pone.0236020.ref029]\], although the observation of higher primary CS rates (conducted prior to onset of Labour) and of lower secondary CS rates (conducted after the onset of Labour) in highly deprived regions was somewhat contrary to our expectations. We were also surprised about the finding of lower risks of stillbirths and low Apgar scores in deprived Bavarian areas, which is also contrary to previous studies indicating increased risks for both outcomes in other European countries \[[@pone.0236020.ref030], [@pone.0236020.ref031]\]. We do not think that regionally different reporting standards play a major role in this context, in particular not for stillbirths, as this is one of the most important indicators used for obstetric benchmarking and therefore monitored with highest scrutiny. However, we found that one major birth clinic with unusually high stillbirth rates seems to specialize in the termination of pregnancies. Indeed, the observed significant trend of decreased risks of stillbirths in highly deprived areas disappeared when we excluded this clinic from our analyses. In contrast, we were not able to explain the analogous trend for low Apgar scores by a potential confounding through CS deliveries.

The major strengths of our study are the large size and the high quality of the data analysed. In particular, the completeness and validity of the data are monitored yearly as part of an established national programme of benchmarking health-care provision. Another strength of our study is the use of an area deprivation index based on an established British method \[[@pone.0236020.ref018], [@pone.0236020.ref019]\]. We counted all outcomes for any births and not only for live births in order to avoid healthy-survivor bias.

The fact that our analyses were based on cross-sectional data constitutes a limitation, as we were not able to investigate potential changes in deprivation over time and their impact on pregnancy outcomes. Further, the BIMD quintiles were calculated based on the number of districts not considering the population size of each area. Therefore, the numbers of pregnant women were not of equal size within each BIMD quintile. However, the same issue occurred also in other studies \[[@pone.0236020.ref006], [@pone.0236020.ref032]\], and we do not consider this to be a potential source of bias. Missing covariate data were not evenly distributed across BIMD quintiles and pregnancy outcomes. We therefore cannot preclude that our adjusted analyses were affected by attrition bias, although again we do not think this is a major issue here because the differences in the proportions of missing covariate data were not very large, and the results from the unadjusted and adjusted analyses were quite similar in most cases.

Despite the large sample size, the statistical power of our analyses was somewhat limited due to the relatively low prevalence of most adverse perinatal outcomes. For this reason, we did not correct for multiple testing and consider our analyses as exploratory and our results as hypothesis generating rather than confirmatory.

Conclusion {#sec009}
==========

We found that area-level deprivation in Bavaria, Germany, was associated with adverse perinatal outcomes. However, while area-level deprivation was positively associated with preterm and SGA births, strengthening other international findings, and also with primary CS, we could not confirm a positive association with area-level deprivation for stillbirth rates and low Apgar scores in this region.

Supporting information {#sec010}
======================

###### Sensitivity analysis for stillbirths after exclusion of a clinic with unusually high rates of stillbirths.

Odds ratios \[95% confidence intervals\] of stillbirth rates by Bavarian Index of Multiple Deprivation (BIMD) quintiles after exclusion of one major birth clinic with unusually high rates of stillbirths, unadjusted and adjusted for offspring's sex, multiple delivery, maternal age \> 35 years, diabetes during pregnancy, maternal overweight, excessive gestational weight gain, migration background, single mother status, parity, maternal smoking during pregnancy, substandard use of antenatal care, living in a city (\>100,000 inhabitants) and year of birth. Significant associations (p\<0.05) are shown in boldface.

(DOCX)

###### 

Click here for additional data file.

###### Associations with primary and secondary Caesareans Sections (CS).

Odds ratios \[95% confidence intervals\] for primary (n = 148,225 (17.9%) observations) and secondary CS (n = 131,731 (15.9%) observations) by Bavarian Index of Multiple Deprivation (BIMD) quintiles, unadjusted and adjusted for offspring's sex, multiple delivery, maternal age \> 35 years, diabetes during pregnancy, maternal overweight, excessive gestational weight gain, migration background, single mother status, parity, maternal smoking during pregnancy, substandard use of antenatal care, living in a city (\>100,000 inhabitants) and year of birth. Significant associations (p\<0.05) are shown in boldface.

(DOCX)

###### 

Click here for additional data file.

BAQ

:   Bayerische Arbeitsgemeinschaft für Qualitätssicherung

BIMD

:   Bavarian Index of Multiple Deprivation

CI

:   confidence interval

CS

:   Caesarean section

OR

:   odds ratio

SES

:   socioeconomic status

SGA

:   small for gestational age
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We will carefully review your manuscript upon resubmission, so please ensure that your revision is thorough.

3\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

4\. We note that you have included the phrase "data not shown" in your manuscript. Unfortunately, this does not meet our data sharing requirements. PLOS does not permit references to inaccessible data. We require that authors provide all relevant data within the paper, Supporting Information files, or in an acceptable, public repository. Please add a citation to support this phrase or upload the data that corresponds with these findings to a stable repository (such as Figshare or Dryad) and provide and URLs, DOIs, or accession numbers that may be used to access these data. Or, if the data are not a core part of the research being presented in your study, we ask that you remove the phrase that refers to these data.

5\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: [http://journals.plos.org/plosone/s/supporting-information](about:blank).

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Associations of area-level deprivation with adverse obstetric and perinatal outcomes in Bavaria, Germany: Results from a cross-sectional study is a well written, important and interesting manuscript. The aim of the study is clear and the conclusions are well fit to their findings and any limitations were also taken into account.

My main point of criticism is that the description of the data used in the analyses is very limited and used definitions are not always clear.

Points for revision:

abstract: -

background:

lines 63-65: neighborhood deprivation indices not only serve as an alternative when individual level SES metrics are not available, but also capture other aspects of deprivation, which are often missed when only looked at individual level metrics. It also captures local availability of care and other area specific care and policy structures. The authors should elaborate more on these assets of area measures

line 67: introduce abbreviation BIMD here instead of in method section

methods:

How is the BIMD calculated? on a multiplicative or additive scale? is it standardized? is this only available for Bavaria? or also for the rest of Germany (and how does the level of deprivation in Bavaria compare to Germany)?

How do the individual domains relate to the composite? and why only look for a linear trend over the domains and not like the main analyses (line 98)?

line 87: what is the size (plus range) of a district?

line 91: \"We used data on all deliveries\...\" where there any restrictions to be included in the dataset? like minimal amount of weeks of gestation of minimal birth weight? Viability? This has considerable implications for the interpretation of your findings.

How were the stillbirths defined?

Was there a distinction possible between primary and secondary caesareans? This distinction should be made since their role in the management of deliveries is very different. The associations with deprivation of both types could well be different and capture different aspects of inequality in care provision

lines 97-98: which analyses do you refer to here? The trend over the quintiles? It is not entirely clear to me which results match these analyses

why did you choose to correct for multiple pregnancies instead of stratifying? Were the number of multiple pregnancies comparable over deprivation quintiles? most studies limit their analyses to singletons only and now it is more difficult to directly compare your results with that of others.

did you have information on other birth modes than CS only? if yes, why not correct for that?

how did you handle missing data? how was missing covariate data distributed among the deprivation quintiles and outcomes?

were there specific rules in place to define unusually high rates of stillbirths? or was it a post-hoc decision to see whether the outlier clinic influenced your findings? If so, than please state that\... the current sentence is very vague about this point/decision

results:

I would like to see a table displaying the prevalence of each outcome, for the whole population and over the quintiles

Tables 2-4: please provide additional information about the N for analyses, per outcome and per quintile. This is especially of interest since \'single mother\' is a covariate with a large amount of missing data, and this covariate is likely not evenly distributed among the quintiles, potentially introducing bias

lines 129-136: this paragraph on the different domains was hard to read, not sue what the message here is

line 138: please provide ORs + 95%CIs for these analyses instead of \"data not shown\"

line 139: what was the size of the excluded clinic? how many births were excluded from the analyses?

discussion:

lines 151-153: this may be influenced by different definitions; maybe the increased amount of perinatal death in other studies focus on the period just after birth, while yours could just focus on IFD? or other mechanisms\... Also, what were the unadjusted estimates for this outcome? do they differ? on the other hand, your amount of stillbirths is low, which could influence your findings. also, selective reporting of stillbirths in the database could have played a role in this. Please take this into account in discussing your findings on stillbirths in particular.

lines 159-161: were the apgar scores (but also SGA and preterm birth) only counted for live births or any births? This could have influenced the found associations (similar to healthy survivor bias) and should be addressed

lines 170-172: similar to my suggestion in the background; area SES is not just an \'alternative\' to use when individual level SES is absent, it captures other aspects of SES and also is also associated with health outcomes, irrespective of individual level SES (like in the study of Daoud BMC Pregnancy Childbirth. 2015)

I miss the limitation that it was a cross-sectional study; especially since there is ample evidence suggestion that SES is not a fixed thing, but evolves over time and the effect of SES differs with different degrees and lengths of exposure

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0236020.r002

Author response to Decision Letter 0

29 May 2020

Dear Dr. Navaneetham,

thank you for considering our paper for publication in PLOS ONE. We appreciate the constructive comments of the reviewers and have changed the manuscript according to their suggestions, using highlighting mode. We have answered the comments as follows:

Journal Requirements:

When submitting your revision, we need you to address these additional requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Thank you for pointing this out to us. We have adjusted the manuscript layout accordingly.

2\. Thank you for submitting the above manuscript to PLOS ONE. During our internal evaluation of the manuscript, we found significant text overlap between your submission (mainly within the discussion section) and the following previously published work, on which you are an author.

<https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-016-1060-3>

We would like to make you aware that copying extracts from previous publications, especially outside the methods section, word-for-word is unacceptable. In addition, the reproduction of text from published reports has implications for the copyright that may apply to the publications.

Please revise the manuscript to rephrase the duplicated text, cite your sources, and provide details as to how the current manuscript advances on previous work. Please note that further consideration is dependent on the submission of a manuscript that addresses these concerns about the overlap in text with published work.

We will carefully review your manuscript upon resubmission, so please ensure that your revision is thorough.

Thank you for this hint. We have revised the text accordingly.

3\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

In order to make de-identified data available for public use prior permission must be obtained from the Bavarian institute for quality assurance ('BAQ'). The reason is that the data is expressly gathered for purposes of quality improvement of obstetrics and neonatology care. Hence, the BAQ steering committee must assert that any request for third party usage of the data is in line with the general BAQ objectives. The BAQ is bound by corresponding contracts with its participating hospitals to guarantee adherence to this protocol

4\. We note that you have included the phrase "data not shown" in your manuscript. Unfortunately, this does not meet our data sharing requirements. PLOS does not permit references to inaccessible data. We require that authors provide all relevant data within the paper, Supporting Information files, or in an acceptable, public repository. Please add a citation to support this phrase or upload the data that corresponds with these findings to a stable repository (such as Figshare or Dryad) and provide and URLs, DOIs, or accession numbers that may be used to access these data. Or, if the data are not a core part of the research being presented in your study, we ask that you remove the phrase that refers to these data.

Thank you for pointing this out. We have replaced „data not shown" by specific odds ratios now.

5\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>.

Thank you very much, we have changed this accordingly.

Review Comments to the Author

Reviewer \#1: Associations of area-level deprivation with adverse obstetric and perinatal outcomes in Bavaria, Germany: Results from a cross-sectional study is a well written, important and interesting manuscript. The aim of the study is clear and the conclusions are well fit to their findings and any limitations were also taken into account.

My main point of criticism is that the description of the data used in the analyses is very limited and used definitions are not always clear.

lines 63-65: neighborhood deprivation indices not only serve as an alternative when individual level SES metrics are not available, but also capture other aspects of deprivation, which are often missed when only looked at individual level metrics. It also captures local availability of care and other area specific care and policy structures. The authors should elaborate more on these assets of area measures

We thank the reviewer for these important indications and have changed the text accordingly:

"Area-level deprivation research may consider the proportion of deprived people in an area ('compositional meaning'), the presence of possible area effects beyond the local concentration of deprived people ('collective meaning'), and the lack of infrastructural facilities or other area features ('environmental meaning') \[15\]. Area-level deprivation is often measured with standardised composite deprivation indices describing a structural lack of material and social resources in an area, considering e. g. income and occupation but also municipal/district revenues and environmental indicators. Therefore, these indices are valuable instruments for the analysis of area effects on health beyond the individual level, even when they might be used as a surrogate when individual socioeconomic data are not available \[16\]."

line 67: introduce abbreviation BIMD here instead of in method section

Thank you very much, we have changed this accordingly.

How is the BIMD calculated? on a multiplicative or additive scale? is it standardized? is this only available for Bavaria? or also for the rest of Germany (and how does the level of deprivation in Bavaria compare to Germany)?

Thank you very much, we acknowledge the need to integrate more information on the BIMD in the text and have added following information in the background section:

"Based on an established British method \[15\], the BIMD is a multidimensional construct combining standardised and transformed indicators in specific deprivation domains which are weighted and combined in an overall deprivation index. The BIMD was originally developed as a model for the development of the German Index of Multiple Deprivation (GIMD), being today part of a number of Indices of Multiple Deprivation (IMD) for Germany and some of its federal states. More on the methodology of the German IMD, the area-level distribution of deprivation in Germany and its association with health can be found elsewhere \[17-20\]."

How do the individual domains relate to the composite? and why only look for a linear trend over the domains and not like the main analyses (line 98)?

The individual domains load with a certain amount on the composite score. We have added these amounts (in %) to the main text. We decided to investigate them with a linear trend only in order to reduce multiple testing issues.

line 87: what is the size (plus range) of a district?

By the reporting date of 31 December 2016, the smallest district in Bavaria had a population of 40.7 thousand inhabitants (urban district of Schwabach), whereas the largest district (city of Munich) had a population of 1.46 million inhabitants (range: 1.42 million). The median number of inhabitants was 115.6 thousand. We have now inserted additional information on the size of the districts in the text.

line 91: \"We used data on all deliveries\...\" where there any restrictions to be included in the dataset? like minimal amount of weeks of gestation of minimal birth weight? Viability? This has considerable implications for the interpretation of your findings.

No, we deliberately applied no inclusion restrictions on our data.

How were the stillbirths defined?

All neonates without signs of life and minimum birth weight of 500 g where counted as stillbirths.

Was there a distinction possible between primary and secondary caesareans? This distinction should be made since their role in the management of deliveries is very different. The associations with deprivation of both types could well be different and capture different aspects of inequality in care provision

Thank you for this interesting suggestion. We added a supplementary analysis for primary and secondary sectio (S2 Table) and commented on it in the main text.

lines 97-98: which analyses do you refer to here? The trend over the quintiles? It is not entirely clear to me which results match these analyses

Yes, this refers to the ‚overall trend' analyses. We have added this term for clarity.

why did you choose to correct for multiple pregnancies instead of stratifying? Were the number of multiple pregnancies comparable over deprivation quintiles? most studies limit their analyses to singletons only and now it is more difficult to directly compare your results with that of others.

There were two reasons why we did not stratify for multiple pregnancies: First, this would have doubled the number of analyses and hence contributed to multiple testing issues. Second, the statistical power in the subset of multiple pregnancies would likely have been too low to draw valid conclusions.

did you have information on other birth modes than CS only? if yes, why not correct for that?

Thank you. The only other birth mode available in addition to vaginal birth and CS was vaginal surgery. We added this variable to the sensitivity analysis for Apgar scores.

how did you handle missing data? how was missing covariate data distributed among the deprivation quintiles and outcomes?

We added the following to the Results and Discussion, respectively:

„Missing covariate data occurred for n=28,419 observations (13.9 %) in Q1, n=45,553 (17.7 %) in Q2, n=23,108 (19.4 %) in Q3, n=24,634 (21.2 %) in Q4 and n=26,301 (20.2 %) in Q5, respectively. In pregnancies with missing covariate data, slightly higher prevalences were observed for all outcomes (preterm delivery: 9.1 %, stillbirth: 0.4 %, CS: 35.9 %, SGA: 9.6 %, low Apgar score: 1.3 %)."

„Missing covariate data were not evenly distributed across BIMD quintiles and pregnancy outcomes. We therefore cannot preclude that our adjusted analyses were affected by attrition bias, although again we do not think this is a major issue here because the differences in the proportions of missing covariate data were not very large, and the results from the unadjusted and adjusted analyses were quite similar in most cases."

were there specific rules in place to define unusually high rates of stillbirths? or was it a post-hoc decision to see whether the outlier clinic influenced your findings? If so, than please state that\... the current sentence is very vague about this point/decision

Thank you. We have added that this was a posthoc decision.

I would like to see a table displaying the prevalence of each outcome, for the whole population and over the quintiles

Thank you for this suggestion. We have added this table as new table 2.

Tables 2-4: please provide additional information about the N for analyses, per outcome and per quintile. This is especially of interest since \'single mother\' is a covariate with a large amount of missing data, and this covariate is likely not evenly distributed among the quintiles, potentially introducing bias

This issue has already been addressed by our answer to your other question related to missing covariates further above: As there were no missing values for any of the outcome variables, the N per quintile was the same for each adjusted analysis, irrespectively of the outcome variable.

lines 129-136: this paragraph on the different domains was hard to read, not sue what the message here is

Thank you. We have revised this paragraph and hope that it reads clearer now.

line 138: please provide ORs + 95%CIs for these analyses instead of \"data not shown\"

Thank you. We followed your advice.

line 139: what was the size of the excluded clinic? how many births were excluded from the analyses?

Due to data protection reasons, we cannot mention the exact size of this clinic. We added the information that this clinic had \>20,000 births in 2009-2016.

lines 151-153: this may be influenced by different definitions; maybe the increased amount of perinatal death in other studies focus on the period just after birth, while yours could just focus on IFD? or other mechanisms\... Also, what were the unadjusted estimates for this outcome? do they differ? on the other hand, your amount of stillbirths is low, which could influence your findings. also, selective reporting of stillbirths in the database could have played a role in this. Please take this into account in discussing your findings on stillbirths in particular.

Thank you for addressing this issue. The unadjusted and adjusted ORs for stillbirths were relatively similar, as shown in table 3. Selective reporting of stillbirths is unlikely, because stillbirths are a key outcome for benchmarking of birth clinics and is therefore rigorously checked during data collection, as was already mentioned in the discussion.

lines 159-161: were the apgar scores (but also SGA and preterm birth) only counted for live births or any births? This could have influenced the found associations (similar to healthy survivor bias) and should be addressed

All outcomes were counted for any births. We added one sentence about this to the Discussion.

lines 170-172: similar to my suggestion in the background; area SES is not just an \'alternative\' to use when individual level SES is absent, it captures other aspects of SES and also is also associated with health outcomes, irrespective of individual level SES (like in the study of Daoud BMC Pregnancy Childbirth. 2015)

Thank you. We have removed the respective sentence.

I miss the limitation that it was a cross-sectional study; especially since there is ample evidence suggestion that SES is not a fixed thing, but evolves over time and the effect of SES differs with different degrees and lengths of exposure.

Thank you. We have added the following sentence: „The fact that our analyses were based on cross-sectional data constitutes a limitation, as we were not able to investigate potential changes in deprivation over time and their impact on pregnancy outcomes."

We hope that all objections of the Reviewer could be sufficiently addressed and would be pleased if the amended manuscript would be accepted for publication.

Yours sincerely,

Andreas Beyerlein (for all authors)
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Submitted filename: ResponseLetter.docx
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Click here for additional data file.
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Associations of area-level deprivation with adverse obstetric and perinatal outcomes in Bavaria, Germany: Results from a cross-sectional study

PLOS ONE

Dear Dr. Beyerlein,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please submit your revised manuscript by Aug 03 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Kannan Navaneetham, PhD

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The vast majority of the comments/concerns raised have been successfully covered by the authors.

I have two minor but important points that should be changed in the manuscript.

1\. definition of stillbirths: please include the used definition in the methods section. Also, you described in the rebuttal, that all neonates without signs of life and minimum birth weight of 500 g where counted as stillbirths. but since you have no restrictions for the population used in the analyses, how do you deal with any birth with a birth weight below 500gr? if they are excluded, than please add that to the description of your population, if they were dealt with in another way, plase describe this in the ethods section

2\. internationally, the term primary CS is use dto describe the elective or planned CS, and secundary CS those following complications when labour had already started. in your discussion section you use the terms the other way around. please correct this.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0236020.r004

Author response to Decision Letter 1

25 Jun 2020

Dear Dr. Navaneetham,

thank you for considering our paper for publication in PLOS ONE. We have answered the Reviewer's remaining comments as follows:

Reviewer \#1: The vast majority of the comments/concerns raised have been successfully covered by the authors.

I have two minor but important points that should be changed in the manuscript.

1\. definition of stillbirths: please include the used definition in the methods section. Also, you described in the rebuttal, that all neonates without signs of life and minimum birth weight of 500 g where counted as stillbirths. but since you have no restrictions for the population used in the analyses, how do you deal with any birth with a birth weight below 500gr? if they are excluded, than please add that to the description of your population, if they were dealt with in another way, plase describe this in the ethods section

Thank you for raising this issue. Stillborn neonates below a birth weight of 500 g are not required for official registration in Germany and hence they are also not part of the database. This means that neonates with a birth weight below 500 g enter the database only if they show signs of life, but not if they are stillbirths. We have clarified this in the main text.

2\. internationally, the term primary CS is use dto describe the elective or planned CS, and secundary CS those following complications when labour had already started. in your discussion section you use the terms the other way around. please correct this.

The distinction between primary and secondary Caesarean sections is in fact - contrary to your assumption -- a German rather than an International Convention. Internationally the distinction is generally between elective and emergency Caesarean sections. However, when referring to primary and secondary Caesarean sections as we did in our article we clearly intend to use the term primary for such Caesarean sections when conducted prior to onset of Labour as distinguished from so called secondary Caesarean sections which are defined as Caesarean sections conducted after the onset of Labour. We apologize for the confusion and have revised this part of the Discussion accordingly.

We hope that all objections of the Reviewer could be sufficiently addressed and would be pleased if the amended manuscript would be accepted for publication.

Yours sincerely,

Andreas Beyerlein (for all authors)
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